Abstract Globally, drowning is one of the ten leading causes of child mortality. Children aged \5 years are particularly at risk, and children and young people continue to be overrepresented in drowning statistics. Accordingly, evidence informed interventions to prevent children drowning are of global importance. This review aimed to identify, assess and analyse public health interventions to reduce child drowning and investigate the use of behavioural theories and evaluation frameworks to guide child drowning prevention. Thirteen databases were searched for relevant peer reviewed articles. The systematic review was guided by the PRISMA criteria and registered with PROSPERO. Fifteen articles were included in the final review. Studies were delivered in high, middle and low income countries. Intervention designs varied, one-third of studies targeted children under five. Almost half of the studies relied on education and information to reduce drowning deaths, only three studies used a multi-strategy approach. Minimal use of behavioural theories and/or frameworks was found and just one-third of the studies described formative evaluation. This review reveals an over reliance on education and information as a strategy to prevent drowning, despite evidence for comprehensive multi-strategy approaches. Accordingly, interventions must be supported that use a range of strategies, are shaped by theory and planning and evaluation frameworks, and are robust in intervention design, delivery and evaluation methodology. This approach will provide sound evidence that can be disseminated to inform future practice and policy for drowning prevention.
Introduction
Globally, drowning is one of the ten leading causes of child mortality irrespective of country of residence [1, 2] . Children aged \5 years and young males aged 15-19 years are particularly at risk [3] . Drowning prevention for children and young people is a complex public health issue. Rarely the result of a single cause, child drownings may vary by the aquatic setting and the activity being undertaken prior to the event [2] . There are international guidelines that support the use of diverse individual and environmental prevention strategies. These strategies include teaching basic swim skills, installing barriers to control exposure to water hazards, provision of community based crèches, close supervision and use of personal flotation devices (PFDs) [4] . These approaches vary between high and low income countries.
Historically, high income countries (HICs) have considered risk factors such as age, proximity to water, supervision or swimming ability as well as social, environmental and structural factors [2] when developing intervention strategies to reduce drownings. For example, Australia has achieved considerable success in reducing drownings through the introduction of home pool fencing [5] , and targeting priority populations using community based prevention/education campaigns in settings such as homes with pools or at the beach [6] . More recently, low income and middle income countries (LMICs) have started to introduce a combination of low-cost, culturally feasible, community based strategies such as community crèches and basic swim skills [7] .
Despite considerable efforts worldwide, children and young people continue to be over represented in fatal and non-fatal drowning statistics, having a significant impact on families, communities and public health systems [1] . Accordingly, evidence informed interventions to reduce and/or prevent non-fatal and fatal drowning in children and young people are of global importance. For interventions to have a greater likelihood of resulting in sustained behaviour change, the public health literature reinforces the importance of interventions that employ appropriate study designs, are informed by theory and/or frameworks, use objective and reliable measures, have a sufficient sample size, are of sufficient length, and have dedicated funding for robust evaluation [2, [8] [9] [10] [11] . In spite of this evidence, two recent systematic reviews [2, 10] have highlighted that very few drowning prevention interventions employ rigorous methodologies and provide adequate levels of evidence to determine their impact on reducing drowning.
The aim of this review is to identify, assess and critically analyse public health interventions designed to reduce fatal and non-fatal drowning, specifically in children and young people (aged 18 years and under); investigate the utilisation of behaviour change theories and evaluation frameworks to guide child drowning preventions; and establish which child drowning prevention strategies are effective in preventing drowning in HIC and LMICs.
Methods
The following is a summary of the review methods. Full methods are described in the review protocol, published elsewhere [8] and based on procedures used in a previously published systematic review of adult drowning prevention interventions [10] . The review was registered with the PROSPERO International Prospective Register of Systematic Reviews (registration number: CRD42013004984).
Information Sources and Search Strategy
Databases were searched for relevant peer reviewed articles written in English, describing drowning prevention interventions for children and young people 0-18 years, published before May 31 2013. The databases and search terms used are listed in Table 1 . Studies were included in the review if they met the following criteria: (1) described drowning prevention interventions for those aged 0-18 years; or (2) interventions aimed at both those aged 0-18 years and aged over 18 years, when there was clear reporting on the impact of the intervention on children; (3) described interventions that constituted primary prevention [12] ; and (4) reported on interventions developed at an individual, community or population level.
For the purposes of this review, the definition of drowning from the World Health Organization (WHO) has been used which states that ''drowning is the process of experiencing respiratory impairment from submersion/immersion in liquid; outcomes are classified as death, morbidity and no morbidity'' [3] .
Eighteen years of age has been designated as the age at which childhood ends by the UNICEF Convention on the Rights of the Child [13] . Secondary and tertiary interventions [12] that occur after the prevention period, (e.g. resuscitation), were excluded from the review. The review was conducted following criteria for the evidence-informed implementation and reporting of systematic reviews using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [14] . Fifteen articles were included in the final review. Figure 1 shows the process used to screen articles.
Two reviewers (LRD, EH) identified potentially eligible articles and screened titles and abstracts. The full text for 40 articles were then assessed against the inclusion and exclusion criteria by two reviewers (JL, JJ) and where there were inconsistencies regarding inclusion, the paper was independently assessed by a third reviewer (GC) and consensus achieved. Two reviewers (FL, LN) independently appraised the methodological quality of all included studies using a checklist adapted from the National Institute for Health and Care Excellence (NICE) Quality Appraisal Checklist [15] and the Joanna Briggs series of assessment and review instruments [16] . The checklist covered five areas: study population; study methods; outcomes; analyses; and summary (including validity and limitations). The reviews were conducted independently and upon completion the reviewers met to discuss any discrepancies. Any differences in quality ratings between the two reviewers were resolved via a consensus meeting with all reviewers.
Data Extraction
The following data were extracted from the articles: study characteristics, intervention description, key elements, behavioural theory and/or formative research, outcome measures (including process, impact and outcome measures), results and methodological limitations (e.g. selfreport and recall bias). The data analysis consisted of deidentified, publicly available data and therefore is IRB exempt.
The studies were then categorised and analysed under the four themes identified as the drowning prevention chain-control measures, published by the International Life Saving Federation (ILSF) [4] . These being: (1) education and information; (2) denial of access-barriers and regulations; (3) provision of supervision; and (4) acquisition of survival skills. If two or more ILSF themes were found in the one intervention it was classified as a 'multi-strategy' drowning prevention intervention.
Results
Of the 15 studies reviewed, seven intervention studies were delivered in the United States (US) [17] [18] [19] [20] [21] [22] [23] four in Australia [5, [24] [25] [26] , two in Bangladesh [7, 27] , one in Greece [28] and Grenada [29] . The intervention designs included: randomised control trials [21, 22] ; pre-post-tests [29] ; an intervention and control group comparison study [28] ; a case-control study [23] ; a mixed methods study using both a cohort and a case control design [20] ; a randomised trial with no control group [18] ; observational and audit designs [26, 27] ; and time series [17] (see Table 2 ). Ages included in the studies ranged from pre-birth to 20 years, with onethird of studies (n = 5) targeting children under 5 years [5, 18, 22, 26, 27] .
Education and Information
Five of the studies were categorised under the ILSF theme as education and information interventions. These included using mass media [19] , comprehensive home safety parental education [22] , and curriculum embedded swimming and water safety education strategies [21, 28, 29] .
Two studies included drowning prevention education as part of an overall injury prevention program where drowning was just one of many injury and/or trauma modules covered [21, 22] . These interventions were delivered within the school setting, targeting children 6-8 years [21] , and a brief intervention in an emergency department (ED) [22] • School-based water safety education
• Children 6-9 years (grades 1-3)
• USA • Water quality for pH, free chlorine, and clarity;
• Recirculation and filtering equipment;
• Disinfecting equipment;
• Pool environment such as pool fencing, decks and hand rails
• Safety equipment such as life rings with ropes, reach poles, first aid kits, and emergency numbers;
• Review of operator records;
• Bacteriological No data on non-fatal drowningand it could not be determined if additional lifeguard CPR training or increased supervision explained the decrease in deaths including self-efficacy [21] , demonstrated that across the intervention schools, year one students performed significantly better than control schools in all six education modules (water safety p = \0.01), year two in all modules except violence prevention, and year three in four of the six modules (water safety p = \0.001). In comparison, the ED intervention aimed at parents of infants and toddlers [22] concluded that there were no significant differences between parent groups who did, and did not receive the brief intervention on water safety (p = \0.33). The ED questionnaire was designed by a multidisciplinary panel of injury experts who used available home safety literature and recommendations. Both these studies used self-report measures and accordingly reporting bias cannot be excluded. A further two education interventions were delivered in schools; one in Greece [28] and WHALE Tales in Grenada [29] , a low-middle income country (LMIC) [29] . Both studies delivered a compulsory school based drowning prevention intervention exploring water safety attitudes and knowledge among children aged 5-15 years [28] and 5-12 years [29] . Initially Terzidis et al. [28] distributed three age-specific questionnaires to school students in Greater Athens to assess knowledge and attitudes with regard to water safety and drowning prevention. Data acquired was used to help inform the design of an educational package for students of the corresponding years and socio-demographic profiles attending different schools in the same area. Post exposure data was collected 1 month later from each age-group. The researchers found that kindergarten and year one students who received the intervention had significantly higher scores for knowledge (p = 0.005) and attitudes (p = 0.02). However, among elementary and high school students the gains in knowledge and attitudes were less evident [28] . A number of limitations were noted in the study by Terzidis et al. [28] including the short duration of the intervention, use of selfreport measures and difficulty in evaluating the differential impact of the intervention on student behaviour, as the mass media component of the campaign commenced immediately after the post-exposure evaluation. In addition, the children who contributed to the collection of the background knowledge and attitudes data were not part of the intervention and post-exposure evaluation so the overall results may not reflect a before and after exposure effect [28] .
In contrast, the WHALE Tales study, [29] which adapted a pre-existing program, Longfellow's WHALE Tales, from the American Red Cross, found the highest increase in water safety knowledge to be in year two students (33 % increase, p = \0.001) and the lowest in year ones (5 % increase, p = 0.248). However, this intervention was not without limitations as the educational materials were developed in the US and adapted for use with Grenadian primary school children, which presented language and translation barriers [29] . Further, it was not clear that any formative evaluation was conducted to adapt materials for Grenadian schools from the existing Red Cross program.
Stay on Top of it was a 3-year US mass media campaign delivered in Washington [19] aimed at parents of children aged 14 years and under. The campaign focused on increasing life vest use and used financial incentives as part of the strategy mix to increase life vest uptake. Formative evaluation for the campaign used survey results and the child injury prevention literature to guide the intervention. Message development for the campaign was guided by constructs from SCT [30] and Protection Motivation Theory [31] including: self-efficacy, skill practice, reinforcement, and role modelling. Campaign awareness and reported life vest ownership increased post campaign (n = 230; 69 % compared with n = 361; 75 %). However, high income families were overrepresented in the sampling, which reduces the generalisability of the findings to lower income families [19] .
Denial of Access-Barriers and Regulations
Five studies were allocated to the theme of denial of access and examined the effects of swimming pool regulations on childhood drowning [5, 17, 20, 25, 26] . The Seattle-King County Department of Public Health Pool Program (SKCHPH) was first implemented in 1959 to ensure all public spas and swimming pools provided a safe, healthy environment for patrons [17] . The specific objectives included inspection of all public and semi-public spas and swimming pools for compliance with regulations at the beginning of each season, and then periodic inspections to determine compliance with health standards. Results included a decrease in drowning at lifeguarded spas, pools and bathing beaches from 0.21 drownings per 100,000 population in 1975 to a rate of 0.02 per 100,000 population in 1987 [17] . From 1981, the program expanded to include additional activities including lifeguard CPR training and increased supervision. However, the lack of non-fatal drowning data meant the authors could not determine whether this additional training or supervision could explain the changes. Three of the five studies were conducted in Australia. An early study conducted in 1980 retrospectively analysed drowning and near drowning deaths (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) in fenced and unfenced pools in Queensland and found that no children had drowned in fenced pools during 9200 pool years in a local Shire [25] . The second Australian study [26] completed a comparative audit of childhood (0-4 years) drowning deaths in the decade before (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) and after (1992-2001) pool barrier isolation legislation was introduced. The study found that the introduction of safety legislation reduced age-specific pool drowning death rates from 6.54 to 1.85 per 100,000 per year [26] . Recently, in Australia, in the state of New South Wales pool compliance inspections coupled with pool owner and local council interviews were conducted to ascertain pool compliance rates in three local councils. A modest increase in compliance rates were seen in one council on second inspection (from 49 to 55 %) [5] . The authors note that the use of a convenience sample was a limitation. Finally, a US study [20] measured the effect of pool fencing ordinances, rather than fencing itself. The study failed to produce positive results, reporting that pool fence ordinances were not associated with a reduced rate in childhood drowning in those aged 1-4 years, and that 81 % of all drownings occurred in pools regulated by poolfencing ordinances [20] . However, the authors question these findings in part because of perceived inadequacies of pool fencing laws in the county, and secondly the adequacy of local ordinances [20] .
Provision of Supervision
Two interventions both from Bangladesh employed strategies to increase supervision by caregivers as part of a multistrategy approach [7, 27] . The first study, the Prevention of Child Injuries through Social-Intervention and Education (PRECISE) had two components: an Anchal which is a village-based crèche designed to increase supervision of children aged 1-5 years; and SwimSafe which consisted of basic swimming, water safety and safe rescue skills targeted at children aged 4-12 years. A demographic surveillance system (DSS) collected baseline census data and then periodically captured all deaths via in-home interviews. PRE-CISE reported high retention rates for the Anchals, and a steady decrease in mortality rates of children aged over 2 years. The unadjusted drowning mortality rates were higher in non-participants of the program compared with participants [7] . There were a number of potential limitations for this study including the differences in the demographic profile of participants and non-participants as well as the non-randomised design. The second intervention was a community-based pilot of two supervision tools, a door barrier and a playpen [27] . Six villages were selected to participate in the pilot and a convenience sample of households comprising children aged 6-54 months were recruited. Three groups were randomly assigned to: (1) educational drowning prevention messages; or (2) educational messages and a door barrier; or (3) educational messages and a play pen. This study used a convenience sample, did not have a control group and the authors acknowledged it was not an effectiveness trial. Despite this, those households that received education only were more likely to leave their children unsupervised (5.6 %) compared with those households who were given either a door barrier (2.0 %) or playpen (1.3 %) [27] .
Acquisition of Survival Skills
In this review, the interventions that targeted the acquisition of survival skills (n = 3) [18, 23, 24] were delivered in either the US or Australia, both HICs. All three studies had different designs and target populations.
The effect of training in swimming and water safety on pre-school aged children (2-3 years) in middle-income Seattle, (US) was examined by Asher et al. [18] . The study was a randomised trial, (no control), with two intervention arms of either eight or 12 weeks duration. The results found that swimming and water safety lessons improved swimming capabilities of young children. However, both the comparison group (8 weeks) and treatment group (12 weeks) received the training, it was a self-selected sample, and incentives were offered [18] suggesting the results need to be interpreted with caution.
The second study described a unique water safety training program delivered to 11 remote Australian communities which targeted children (n = 668) and adults (n = 219) [24] . The program was designed to develop context specific strategies in consultation with local communities and based on previous research findings. Water Safety in the Bush (WSB) included three elements: the coordination by a local organisation; a water safety instruction program based on Royal Life Saving Society of Australia's (RLSSA) curriculum materials; and strategies for sustainability. Evaluation of Water Safety in the Bush reported parents and organisations were very satisfied with the program, and parents and instructors demonstrated children's increase in water safety skills, swimming ability, life-saving and water confidence. However, it was recognised that a more culturally appropriate model was required to fully engage the remote and isolated Indigenous communities [24] . Methodological limitations including low response rates and poor adherence to the standardised evaluation forms which resulted in findings that could not be generalised.
Finally, a case control study by Brenner et al. [23] estimated the association between swimming lessons and the risk of drowning among children (1-19 years) by identifying drowning cases from medical examiners/coroners with matched controls. The study found a protective association between past participation in swimming lessons and risk of drowning in children aged 1-4 years; however these results did not extend to children aged 5-19 years. The results of this study have limitations including a small sample size, small number of cases who had participated in formal swimming lessons and noted difficulty in interviewing next of kin. However, the study did attempt to control for confounders such as age, income, education, race and medical condition [23] .
Discussion
This review of 15 drowning prevention studies delivered and published before May 2013 included interventions delivered in high, middle and low income countries. Interventions varied by target age group, duration, strategies employed, diversity of evaluation measures and outcomes. More than seven different interventions designs were utilised across the studies. Using the themes identified as the drowning prevention chain-control measures by ILSF, 40 % of the studies relied solely on 'education and information' as the key strategy to reduce drowning deaths, and only three studies used a multi-themed approach, combining education and information, denial of access and supervision. Interestingly, supervision was the key theme in just two of the studies reviewed. Overall, there was minimal use of behavioural theories and/or frameworks and just one-third of the studies described using formative evaluation as part of the development of the drowning prevention intervention. The 15 drowning prevention intervention studies focussed mostly on short term effects such as awareness and satisfaction, and intermediate effects such as knowledge, perceptions and intention. The reported methodologies had an over reliance on self-report measures, lacked a control group and had small samples, all of which diluted the robustness and generalisability of the findings.
Education and Information
In this review, all of the studies used education and information as a key strategy to prevent drowning. Of these, five used education and information only to prevent drowning in children and young people [19, 21, 22, 28, 29] , with a further three studies reporting a more comprehensive (multi-strategy) approach [7, 24, 27] . The injury prevention literature acknowledges the importance of raising awareness of risk factors for child injury as well as the knowledge and skills to address these risks [22] . Furthermore, water safety experts support education as a key factor in decreasing the number of submersion events [1, 32] . However, the literature also highlights that valuing and recalling prevention information alone does not ensure behaviour change [28, 33] .
The appropriateness of, and the context in which the educational intervention is delivered needs to be carefully considered as safety prevention messages are often competing for parental attention, and messages are often content heavy and delivered in a short space of time [22] . A recent review suggests successful education interventions should be: content specific, use age group appropriate settings, and tailored to the target group [2] . This contrasts with the significant findings from Posner et al. [22] and Gresham et al. [21] who positioned drowning prevention in the context of broader injury and safety prevention messages. Interestingly, there is a growing body of literature on the concept of intervention-generated interpersonal discussion [34] . This posits that interpersonal discussion can amplify intervention effects by extending the reach of the message to those not directly exposed, and by facilitating deeper message processing among those who have been exposed to the intervention [34] . Interpersonal discussion generated by educational sessions on drowning prevention is one low-cost option worthy of further exploration in the area of downing prevention and water safety. This may be more so in less-resourced countries where the challenges of delivering educational messages to large population groups may benefit from culturally appropriate 'extended reach' produced by interpersonal discussion.
Denial of Access-Barriers and Regulations
Since the 1990's, high income countries, including Australia and New Zealand have passed laws requiring the fencing of private and public pools [35] . The erection of barrier fencing may be inappropriate in some HICs in rural regions such as creeks and dams. There are recommendations from peak injury prevention organisations in countries such as Australia for yard fencing whereby it may be more desirable to fence the home paddock than the water body in order to provide a safe play space for children [36] . Similarly, in LMICs where child drowning occurs more often in natural bodies of water like ponds, ditches and irrigation canals barrier fencing may not be practical [7, 37] . There are some examples in the grey literature of simple, low cost, barrier measures, such as well, drain and water storage tank covers that have successfully been used as drowning prevention strategies [38] . However, there is a lack of effectiveness data on low cost alternatives to conventional barriers (e.g. fencing and self-closing, selflatching gates) that can be utilised in LMICs to prevent access to bodies of water [39] . In addition, the regulations which support barrier installation and compliance need to be captured within legislation, and also enforced, which brings an extra set of challenges for LMICs. Notwithstanding, simple low cost barrier measures such as lids on nappy buckets, playpens and door barriers have been shown to be promising and appropriate strategies in resource-poor settings, and need to be implemented, and then evaluated.
Provision of Supervision
Provision of supervision was reported in just two studies, notably both delivered in LMICs [7, 27] . When child drownings occur, a lapse in, or lack of caregiver supervision is often cited as a contributing factor [40] [41] [42] . Noteworthy, parental supervision has been shown to be one of the most effective injury prevention strategies in HICs [27, 43] , and universally is a low cost, socially acceptable method to prevent drowning across all cultures. Therefore, it is understandable that supervision in the form of a community crèche has been actively pursued by LMICS as a strategy to reduce drowning. The use of community based supervision in the PRECISE program together with environmental supports such as playpens for children under 18 months and door barriers [27] to prevent children accessing bodies of water, was reported to have good uptake and a way to improve supervision [7, 27] . Supervision should continue to be a realistic and integral component for all drowning prevention programs globally.
Acquisition of Survival Skills
Swimming and water safety education differs from basic learn to swim in that it includes a mix of swimming, survival and rescue skills, and water safety knowledge suitable for use in a range of aquatic environments. Acquisition of these skills has been identified as a drowning prevention strategy for those 18 years and under [44] . This review found all three studies whose main focus was acquisition of survival skills were in HICs and the target populations were children, [18, 23] and children and their parents [24] . The PRECISE program implemented in Bangladesh delivered the SwimSafe program consisting of water safety and safe rescue skills for children aged 4-12 years as part of a multi-strategy approach. The delivery of survival and rescue skills is integral to the prevention of non-fatal drowning events and should be considered a key component of a multi-strategy approach. Additionally, intervention programs should emphasise the swimming and water safety education rather than just basic swimming lessons.
Multi-strategy Interventions
This review defined multi-strategy interventions as those which combined two or more ILSF themes. Briefly, of the 15 studies included in the review, only three were deemed multi-strategy interventions [7, 24, 27] . Of interest, all three used a community based approach to reduce non-fatal and fatal drowning in children ranging from 6 months to 14 years. The PRECISE program described two strategies namely the SwimSafe program and Anchals [7] . Whilst the second study also delivered in Bangladesh [27] included education and information, the provision of supervision and denial of access by provision of either a playpen or door barrier [27] . The final intervention Water Safety in the Bush (WSB) [24] (Australia) combined three elements, education and information, denial of access, and the acquisition of survival skills in a variety of rural/remote settings. The outcomes reported by all three multi-strategy interventions varied, and it is difficult to interpret the findings from these three studies due to less than robust methodologies and evaluation methods. Hence, the call for multi-strategy interventions that do not over rely on one strategy or ILSF theme alone, but work as a combination with adequate and sustained resources, ongoing advocacy, legislation and compliance will ultimately reduce the incidence of child drowning deaths globally. The reinforcement of health education messages in conjunction with on-the-ground activities, environmental supports and legislation has been shown to further encourage and sustain behaviour change across a variety of health domains [2, 26] .
Child Drowning Intervention Outcomes
Eight of the interventions in the review reported significant outcomes [7, 18, 19, 21, 22, [27] [28] [29] which were measured and assessed in various ways. The Stay on Top of it media campaign reported on a proximal outcome with an increased awareness of the campaign [19] . Intermediate effects such as water safety knowledge and beliefs were significant in three studies [21, 28, 29] . All three interventions were delivered to school-age children, which supports some comparison between studies. Two studies reported a decrease in drownings as a result of fencing legislation [17, 26] . In terms of the distal outcome and the impact on drowning deaths, just one-third commented on a reduction in the number of drownings or an observed downward trend [7, 17, 19, 22, 26] . The consistency of the outcomes varied across the 15 interventions. The variety of study designs, and the reliance on self-report and observational data reduces confidence in the reported findings. The need for comparable groups, reliable and objective measures [2, 10] , along with the selection of appropriate outcome measures is crucial to determine the impact of future drowning interventions.
Behavioural Theory and Evaluation Frameworks
Only two of the studies, both from the US, used behavioural theory or frameworks to underpin intervention design and/or strategy development. Elements of SCT and Protection Motivation Theory were used to guide message development in a drowning prevention campaign targeted at parents of children aged 1-14 [19] . The TFFK intervention also used self-efficacy and other SCT constructs to guide the development of the year specific injury prevention curricula [21] . Interventions need to be informed by theory to ensure that the strategies are appropriate and comprehensive. The use of theory needs to be promoted to improve drowning prevention programs.
Whilst only one study [19] indicated the use of a planning/evaluation framework (the PRECEDE component of the PRECEDE-PROCEED framework [45] ), five of the interventions reported using formative evaluation to either inform the design of the strategies delivered as part of the prevention intervention [19, 24, 27, 28] or to inform the measures used to evaluate the intervention post-delivery [22] . Noteworthy the WSB intervention largely failed to engage remote Aboriginal community leaders in their planning stages, rendering their program less culturally appropriate for those in remote and isolated Australian communities. [24] Consistently across the public health literature there has been a call for greater use of behavioural theory and planning frameworks as key drivers of successful programs [10, 11, 26] .
Methodological Limitations of Studies in the Review
In this review methodological limitations were diverse and frequently cited. Our findings concur with the findings of a recent review by Wallis and colleagues [2] . The most noteworthy limitations included: a different sampling method used pre-campaign than the method used at post campaign [19, 28] ; an over reliance on self-report measures [21, 22, 28] ; small sample size [23, 29] ; lack of a control group [18] ; demographic differences between the intervention and non-intervention participants [7] ; short followup time between the intervention delivery and data collection [21, 28] ; non-use of standardised instruments for data collection by evaluators [24] ; and self-selection bias including participants recruited from areas where child drowning occurs frequently [18] . In addition language barriers and/or participants who were functionally illiterate [29] and culturally inappropriate strategies were highlighted [24, 29] . Whilst there is an urgent call for methodological improvements to inform the design and delivery of interventions, the reality and pragmatics of the practitioner experience must be considered [46] . Developing research-practice partnerships may assist to generate practice based evidence for use in both HIC and LMICs to reduce fatal and non-fatal drowning.
Strengths and Limitations
This review has a number of strengths. The review has been registered with the PROSPERO International Prospective Register of Systematic Reviews, a protocol paper has been published and the search strategy was not restricted by a starting time limit. All final interventions included in the review were delivered in both high income and low and middle income countries potentially increasing its relevance to those working in drowning prevention in these countries. However, the studies were restricted to publications in the English language. In addition, studies reported outside peer-reviewed journals were not captured and no grey literature was reviewed.
Conclusion
Children (those under 18 years) continue to be over represented in fatal and non-fatal drowning episodes, resulting in a significant impact on families and communities. Drowning in children and adolescents is a complex issue, highlighted in this review by the range of drowning prevention intervention designs in both HIC and LMICs. The themes identified as the drowning prevention chain control measures by ILSF (education and information; denial of access-barriers and regulations; provision of supervision; and acquisition of survival skills), are presented in this systematic review. This review reveals an over reliance on education and information as an intervention strategy to prevent drowning, with only three studies providing evidence of a multi-strategy approach to this important public health issue. There is an immediate requirement to support interventions that use a range of strategies that are shaped by theory and planning and evaluation frameworks, and are robust in regard to intervention design, delivery and evaluation methodology. This approach will provide sound evidence that can be disseminated to inform future practice and policy for drowning prevention.
